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RTCC REQUIREMENTS FOR APOLLO 10 (MISSION F)
PREFLIGHT INFORMATION

By Rocky D. Duncan

SUMMARY AND INTRODUCTION

The purpose of this document is to present the preflight data re-
quirements for direct support of the RTCC programs for Apollo 10 (Mis-
sion F). Also included in this document are the most current definitions
of the data required for Missions F and G. Therefore, some of the pre-
flight data requirements are not applicable to Apollo 10 (Mission F).

The information applies only to those processors formulated by the IMAB.
The processors for which preflight information has been defined are as
follows.

1. TLI processor
2. MCC processor
3. Return-to-earth processor
4. LOI processor

5. Powered-flight processor

SYMBOLS
CSM command and service modules
DPS descent propulsion system
EMP earth-moon plane
FCUA fuel-critical unspecified area

LLS lunar landing site



M lunar moduile

IMAB Lunar Mission Analysis Branch
jreas lunar orbit insertion

LOPC lunar orbit plane change

LPO lunar parking orbit

MCC midcourse correction

MPT mission planning table

n.d. nondimensional

opp opportunity

RTCC Real-Time Computer Complex
SPS service propulsion system

TEI transearth injection

TLI translunar injection

TLMC translunar midcourse correction

TRANSLUNAR INJECTION AND MIDCOURSE CORRECTION PROCESSORS™

This section describes the parameters, coefficients, and constants

associated with the TLI and MCC processors.a Most of the preflight data
defined in this section is used by both processors; consequently, both
processors are treated as a single entity. Definitions of the individual
parameters and constants are presented in table I.

The TLI and MCC processors require the largest share of the preflight
data requirements. Most of these requirements are the parameters which
vary with launch azimuth, injection opportunity, and launch day across a
monthly launch window. These numbers are dependent and independent vari-
ables which constitute all the first guesses and other numbers required
to fly the mission. Because of the large number of parameters required,
it has been decided to provide these data to IBM on tape.

®The formulation for the RTCC TLI and MCC processors is described
in references 1 and 2.




The tape gquantities were first punched on cards by the IMAB and
then a card-to-tape process was used with IBM equipment. The purpose
of this procedure is to avoid the difficulty of the differences in tapes
generated by IBM and UNIVAC tape drives. The punched-card format and
the order of the parameters are shown in table II. For each launch
azimuth and injection opportunity, there is a data set on tape that
consists of all the parameters required to fly that particular mission.
The data sets will be ordered on the cards as follows.

1. Launch day

2. Launch azimuth

3. Second opportunity

L. Pirst opportunity

The remainder of the preflight data (table III) which does not vary
with launch day is provided by written transmittal.

RETURN TO EARTH PROCESSOR

The return to earth processor determines the maneuver required to
produce trajectories which return to earth through use of state vectors
in either moon or earth reference. The return to earth processor is
described in references 3 and L4, and the constants, coefficients, and
numbers associated with this processor are defined in table IV. These
preflight data requirements can be functionally categorized as follows.

l. General constants

2. Generalized iterator constants
3. Guidance and targeting constants
L. Conic subprocessor constants

The preflight data for Apollc 10 (Mission F), alternate 1, are
presented in tables V, VI, and VII.



LUNAR ORBIT INSERTION PROCESSOR

The LOI targeting processor computes several impulsive maneuvers
to transfer from an approach hyperbola to a lunar parking orbit. A
description of the lunar orbit insertion processor can be found in
reference 5. The impulsive maneuvers transfer the spacecraft to dif-
ferent LPO's (such as an LPO with the minimum LOI AV or an LPO nearest
the desired LPO). The flight controller selects the desired maneuver
and transfers it to the MPT where the powered-burn targets are computed
and the guidance is selected.

The preflight data requirements for the LOI processor are presented
in table VIII. The actual values are presented in table IX. Note that
most of the LOI processor data requirements are contained in the MCC
data tables.

POWERED-FLIGHT PROCESSOR

The parameters and constants associated with the powered-flight
processor (ref. 6) are described in this section. The powered-flight
processor simulates thrusting maneuvers in the RTCC. The associated
parameters and constants are principally the guidance constants and
targeting parameters associated with the iterative guidance equations
and the hypersurface, respectively.

Because some of the powered-flight processor preflight data varies
with launch azimuth, injection opportunity, and launch day, it was de-
cided to provide these data on tape. This arrangement is convenient
because these data are provided to MSC by MSFC in the launch vehicle
PRESET tape.

LMAB will verify the numbers on the PRESET tape and generate cards
for delivery to IBM. A card-to-tape process will be used to generate
an IBM tape.

All of the parameters and constants used by the powered-flight
processor are defined in table X. The format for the PRESET tape is
presented in table A-I, and the format for the cards delivered to IEM
is presented in table A-II. This card format allows for up to a 1l0-day
monthly launch window.




TABLE T.-

DEFINITION OF PARAMETERS AND CONSTANTS

ASSOCIATED WITH THE TLI AND MCC PROCESSORS

Processor
Parameter PN
utilizing
No er parameter Parameter or Definition
: constant constant on tape
TLI MCC
1 TLIi n X Yes Ground elapsed time of translunar
5 injection ignition
2 § X No Declination of target vector for
alternate missions
3 o} X No Perigee ring half-angle for
alternate missions
L T X No “ximum G.m.t. of pericvnthion
max sea Y. .
due to sun elevation constraints
5 T . No Minimum G.m.t. of pericynthion
min sea : s
due to sun elevation constraints
6 Y, . X Yes Flight-path angle at lunar orbit
loi . . R
insertion initiation
T Awloi X Yes Change in azimuth at lunar orbit
insertion
8 Hpc X X Yes Height of pericynthion
9 ¢pc X X Yes EMP latitude at pericynthion
10 ch X X Yes EMP longitude at pericynthion
11 GMT X Yes f.m.t. time of pericynthion from
ne epoch
12 AT X Yes Flight time from lunar orbit
1ls . . .
insertion to first pass over
lunar landing site
13 Tlo X Yes Total time spent in lunar orbit
1L ¢ X Yes Selenographic latitude of the
11ls . X
lunar landing site
15 A X Yes Delenographic longitude of lunar
11s ; X
landing site
16 Rlls X Yes Radius of the lunar landing site
17 wll X Yes Selenographic azimuth over the
s lunar landing site
18 If ( ) X X No Conic inclination of the free-
rimax return trajectory vlus AIfr
19 If ( )T No Integrated inclination of the
rimax free-return trajectory plus AIfr




TABLE I.- DEFINITION OF PARAMETERS AND CONSTANTS

ASSOCIATED WITH THE TLI AND MCC PROCESSORS - Concluded

Processor
Parameter PN
utilizing
No or arameter Parameter or Definition
*| constant P constant on tape
TLI | MCC
20 av, . X Yes Change in velocity at TEI
tei
(scalar)
21 Awt . X Yes Change in azimuth at transearth
el injection
22 Tte X Yes Time from transearth injection
to entry
23 Rnty Rng X No Earth relative entry range
2k Rnty At X No Delta t from entry to landing
25 hrtny X X No Height at entry for free return
26 Yrtny X X No Flight-path angle at entry
27 I r X No Maximum inclination for powered
P return
28 )‘ip X No Longitude of earth impact point
29 Ttl min dps X No Minimum translunar flight time
P for DPS abort
30 Ttl max dps X No Maximum translunar flight time
P for DPS abort
31 n .
Number required to compute the CSM
32 n X No plane change prior to LM ascent
33 T, . X No Bias time for elliptical lunar
biaseo . :
parking orbit
3k v cvnl X No Velocity at pericynthion of the
peynio elliptical lunar parking orbit
35 Ifr X Yes Inclination of free return
36 DY oty % No Delta t from the LPO node to
circularization in the final LPO
37 H c X No Height of pericynthion relative to
p the landing site of elliptical
lunar parking orbit
38 Hac X No Height of pericynthion relative
to the landing site of elliptical
Junar parking orbit
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TABLE III.- VALUES FOR VARTIABLES NOYT I'OUND ON TAPE®

Variable Value
8 0.0°
o 7.5°
' N A
max sea
. N A
min sea
o
Ifr(max)C 75
lo]
Ifr(max)I 90
H Loo 000 rt
rnty
Rnty Rnr, 1285 n. mi.
lknty At k92 sec
~-6.52°
Yrtny
I Loo
pr
A, 165° W
ip
ltl min dps A
Ttl max dps VA
m 0]
n 0
T . .332 hr
biaseo
Vpcynlo 54B80.0 fps
Atndcir 4.3 hr
Hpc 60 n. mi.
H 170 n. mi.

ac

not ajplicable to F.




TABLE IV.- RETURN TO EARTH ABORT PROCESSOR CONSTANTS TAPE LIST

Variable symbol

Variable definition

(a) General constants

Eccentricity limit for EFCUA

LIM
MDMAX Maximum miss distance used in the trade-off displays
AMD Miss distance increment used in the trade-off displays
RA MAX Abort radius limit for the BEFCUA solution in the FCUA
mode of the earth phase logic
T Absolute minimum acceptable flight time from abort to
ARMIN
entry
(b) Generalized iterator constants
Tolj Dependent variable tolerances
j=1,6
AVO, BVO Two constants used to_getermine the minimum and
maximum value for IAVI in the optimise mode:
Minimum = Maximum = MAX [AVO, (conic value) - BVO]
STPZ Step sizes for the independent variables
J =1, 10
IWGT Independent variable weights
J=1,11
DWGTJ Dependent variable weights
jg=1, 2
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TABLE IV.- RETURN-TO-EARTH ABORT PROCESSOR

CONSTANTS TAPE LIST - Continued

Variable symbol Variable definition

(¢) Guidance and targeting constants

CNOMC Nominal value of CM computer guidance parameter C
CNOML Nominal value of IM computer guidance parameter C
RTSPH Radius of the MSI used by the onboard guidance computer
TB Maximum burn time for the SPS engine with no iteration
SPS .
in RTED
TBhps Maximum full thrust level burn time for the DPS engine

with no iteration in RTED

BLTST Limiting value of flight-path angle between R and V for
solutions from Lambert's problem subroutine with the
Lambert's guidance

AT Time increment used in lunar reference to generate

LTG

Lambert target vectors

€mg Lambert's guidance target vector bias angle

NarG Alternate transfer angle to Lambert's guidance target
vector in earth reference

vra Transfer angle to Lambert's guidance target vector in
moon reference
(d) Earth-centered subprocessor

T Landing time tolerance for input landing time in the

AST discrete solution option

a
b } Coefficients for the landing time limit function
¢
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TABLE IV.- RETURN-TO-EARTH ABORT PROCESSOR

CONSTANTS TAPE LIST - Concluded

Variable symbol Variable definition

(d) Earth-centered subprocessor - Concluded

TRZAVE Average flight time from entry to landing

NRZAVE Average down-range angle from entry to landing

(e) Moon-center subprocessor

ATZ Value of the maximum trip time whenever the maximum
landing time is not input for the FCUA option of the
AST
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TABLE V.- VALUES FOR GENERAL CONSTANTS AND

GUIDANCE AND TARGETING CONSTANTS

Variable Value
1M 0.85

MDMAX 400 n. mi.
AMD 100 n. mi.
RyMax 140 000 n. mi.
N— 20 min

Cromc 0.5

CroML 0.0

RTSPH 64 373 760 m
TBSPS 15 sec

TBDPS 15 sec

Brrsr 2°

AT 1 2 hr

e 15°

NaTG 215°

n 160°

MTG




13

TABLE VI.- VALUES FOR GENERALIZED ITERATOR CONSTANTS

Constant tape

Associated

symbol iterator variable Value
Toll hR 0.03 n. mi.
Tol, WR 2°

Tol, by 0.10°

Tol), A, 0.01°

Tolg Yg 0.001°

Tol6 TAZ 12 hr

AVO |av| -10 000 fps
BVO |av| 10 000 fps
STPZ, Ay, 1x10~6 rad
STPZ, Ay, 1x1076 rad
STPZ, AV, 2x1077 er/hr
STPZ), T, 1x10~7 hr
STPZ, To 1x107® nr
STPZ AV, 1x1077 er/hr
STPZ., AV, 1x1077 er/hr
STPZg AV, 1x10"7 er/hr
STPZ9 By, (optimise setup) 1x10"° rad
STPZ, oV, (optimise setup) 2x10”7 er/hr
IWGT, Ay, 1

IWGT,, by, 1




TABLE VI.- VALUES

1k

FOR GENERALIZED ITERATOR CONSTANTS - Concluded

Associated

Constant tape Value
symbol iterator variable ]
IWGT3 By, (optimise setup only) 1
IWGT), AV, 16
IWGT5 Av, (optimise setup only) 1
IWGT Ty (standard setup) 6l
IWGT7 Ty (RTED) 1
IWGTg Tq 1
IWGT9 AV 1
IWGT, AV 1
IWGT av, 1
DWGT Ty 1
DWGT |av| 200

2
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TABLE VII.- CONIC SUBPROCESSOR

Symbol Value

(a) Earth-centered subprocessor
éT 2 hr
a 7.0 hr
b +6.2 hr/er
c -0.103333 hr/er?
TRZAVE 0.17 hr
NRZAVE 0.5 rad

(b) Moon-centered subprocessor
ATZ 120 hr
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TABLE VIII.- PREFLIGHT PARAMETERS FOR LOI PROCESSOR

Symbol Definition
Hl Nominal LPC circular orbit altitude referenced
° to the LLS
H Nominal LPO elliptical orbit apocynthion
ac altitude referenced to the LLS
T . Time bias to compensate for elliptical LFO
biaseo
a
11s Latitude of LLS
N a
11s Longitude of LLS
a .
Rlls Radius of LLS
ﬂ}- Numbers used to compute CSM plane change
Avloi cal " Calibration of conic LOI AV
Av'tei cal Calibration of conic TEI AV
c First guess on Lambert guidance constant

Transfer angle

Hrnty

a
Ipr

a
Tte

a
Tlo

a
ATlls

a
AVtei

Transfer angle from LOI impulsive point to
Lambert target vector

Nominal value for height of reentry

Nominal value for inclination of powered
return

Nominal transearth flight time
Time in lunar parking orbit
Delta time to first pass over LLS

Delta velocity at TEI

®The parameters are on the MCC preflight data tape.
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TABLE VIII.- PREFLIGHT PARAMETERS FOR LOI PROCESSOR -~ Concluded

Symbol Definition
ay, 2 Delta azimuth at TEI
tei
GMT ca Greenwich mean time of pericynthion measured
P from epoch

aThe parameters are on the MCC preflight data tape.
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TABLE IX.- LOI PREFLIGHT DATA NOT CONTAINED IN

MCC PROCESSOR DATA TABLES

Symbol Value

H o 60 n. mi.
Hac 170 n. mi.
Tbias .332 hr
o] 1
n 0
AVloi cal 10 fps
AVtei cal 0 fps
c .5
Transfer angle 270°

400 000 ft

Hrnty




TABLE X.- PREFLIGHT CONSTANTS (DATA) - (POWERED FLIGHT

19

PROCESSOR - IGM)

Parameter Definition Value
Kal’ Km2 coefficients of Apg polynomial 0, O
DTGM time from TB6 to time at which IGM guidance 584 .0 sec
is initiated
DTIG time from TB6 to time at which ignition 578.0 sec
occurs
Kpo’ Kyo coefficients in pitch, yaw polynomials 90.0, 0.0 deg
KT3 coefficient in T3 polynomial 0.0
. . 120.0 sec (first opp)
T2 second guidance stage burn time { 0.0 sec (second opp)
t transition time for mixture ratio shift { 5.0 sec (first opp)
b2 1.0 sec (second opp)
Kpc constant used to force MRS in IGM 0.0 sec
€ remaining burn time for which alternate 1000. sec
1 N N
method of computing range angle is used
52 remaining burn time for which guidance 30. sec
enforces only terminal velocity conditions
53 remaining burn time for which terminal 30. sec
r, v, Y are frozen
€y remaining burn time at which cutoff 3, sec
equations are entered
RoT flag which indicates rotation of end 1.0
conditions
RV constant used for biasing terminal range -0.k4
angle prediction
.YL maximum allowable pitch rate 1.0 deg/sec
iZL maximum allowable yaw rate 1.0 deg/sec
XXL maximum allowable roll rate 1.0 deg/sec
c time artificial tau mode is used, 10.0 sec
© measured from time IGM is initiated
AThM limited value for difference between actual 100.0 sec
and nominal burn times for first S-IVB
burn
4201.6192 m/sec (first opp)
i third IGM stage { PP
VHX3 exhaust velocity, rd IGM stag L198.6915 m/sec (second opp)
Ton estimated time to deplete vehicle mass, { 685.0 sec (first opp)

second IGM stage

610.0 sec (second opp)
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TABLE X.- PREFLIGHT CONSTANTS (DATA) - (POWERED FLIGHT PROCESSOR - IGM) ~ Continued

Parameter Definition Value
474,234 1v/sec (first opp)
y hird IGM stage : P
", mass flow rate, thir g L73.948 1b/sec (second opp)
S-IVB engine model
TO time from 'I‘B6 to start of first thrusting 0.0 sec
phase {vent and ullage)
Tl time from TBG to start of second thrusting 570.0 sec
phase (chilldown)
T, time from TR, to start of third thrusting 578 sec
phase (buildup)
T3 time from TBC to start of fourth thrusting 580.5 sen
(main burn)
Ty time from TB; to mixture ratio shift 705.0 sec
(first opp only)
DTT delta time from cutoff for J2 tajloff 1.919 sec
phase
DTV delta time for LH2 vent 574 sec
THO thrust level in first phase L5 1b
TH1 thrust level in second phase 125 1b
THO thrust level in third phase 96 936 1b
TE3L thrust level in fourth phase (first opp 182 550 1v
pre-MRS)
T 3H thrust level in fourth phase (first opp 203 086 1b
post-MRS)
T3 thrust level in fourth phase (second opp) 202 760 1b
THTO thrust level in tailoff phase 25 871 1v
THV thrust level in tailoff vent phase 12.0 1b
MO mass flow rate, first phase L11h 1b/sec
! MFL mass flow rate, second phase 2.5 1b/sec
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TABLE X.- PREFLIGHT CONSTANTS (DATA) - (POWERED FLIGHT PROCESSOR -~ IGM) - Concluded

Parameter Definition Value

MF2 mass flow rate, third phase 149.6 1v/sec

MF3L mass flow rate, fourth phase (first opp, h2l.bs5 1b/sec
pre-MRS

MF3H mass flow rate, fourth phase (first opp, 474,38 1b/sec
post-MRS)

MF3 mass flow rate, fourth phase (second opp) 473.54 1b/sec

MFTO mass flow rate, tailoff phase TO 1b/sec

MFV mass flow rate, tailoff vent phase "31 1b/sec
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APPENDIX

TAPE FORMAT FOR THE POWERED-FLIGHT PROCESSOR
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MSC CARD FORMAT
1. All numbers will be right justified in the field , except the ID

which will be left justified.

2. All numbers except launch day and opportunity will be in a form
such as X.XXXXXXXX or X.XXXXXXXX+XXX.

3. If there are no parameters for a launch day or opportunity, then
all fields should be zero.

4. The values of ty will be in ascending order.

5. Identification field: XX XXX X XXX

e |

day of card
year number

opportunity
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